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1
IMAGE DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an 1image display apparatus
provided with a display panel in which a plurality of display
devices are connected to one another by matrix wiring.

RELATED BACKGROUND ART

This kind of related art image display apparatus is dis-
closed 1n, for example, JP-A-8-248920. In this image display
apparatus, a total of NxM cold cathode devices (N devices are
arrayed 1n the row direction of a matrix and M devices are
arrayed 1n the column direction of the same) are two-dimen-
sionally arranged 1n matrix form, and the image display appa-
ratus has multiple cathodes which include the NxM cold
cathode devices connected to one another by matrix wiring
with M-number of row wirings provided 1n the row direction
and N-number of column wirings provided in the column
direction (passive matrix structure).

In this 1mage display apparatus, predetermined driving
voltages are applied to both the row wirings and the column
wirings to drive the cold cathode devices connected to both
wirings to emit electrons, and electron beams are irradiated
onto phosphors disposed 1n opposition to the multiple cath-
odes, thereby displaying an image.

In the case where a multiplicity of cold cathode devices
connected by matrix wiring are to be driven, a method of
driving a group of devices for one row of the matrix at the
same time (a group of devices for one row are connected to
one row wiring) 1s carried out.

Namely, a predetermined selecting potential 1s applied to
one row wiring, while predetermined modulated potentials
are respectively applied to only column wirings which are
connected to driving targets among N-number of cold cath-
ode devices connected to the one row wiring, whereby a
plurality of devices for one row are controlled at the same
time. Subsequently, all the rows are scanned 1n such a way
that driving 1s switched from row to row, whereby a two-
dimensional image 1s formed by making use of the afterimage
phenomenon of vision (line sequential driving).

As compared with a method of performing scanning on a
device-by-device basis, this method has the advantage that
driving time to be allotted for each device can be made N
times as long, whereby the luminance of the image display
apparatus can be made high.

However, the N-number of cold cathode devices for one
row are connected to one row wiring, and the respective cold
cathode devices are connected to different positions of the
one row wiring. For this reason, when cold cathode devices
for one row are driven at the same time, the luminances of the
individual devices become non-uniform under the influence
of voltage drops due to wiring resistance.

These voltage drops are particularly remarkable mn a
selected row wiring 1nto which a concentrated current tlows
during line sequential driving.

In addition, such a voltage drop 1s varied not only by a
resistance value from a driving end of the row wiring to the
position of the voltage drop, but also according to at which
position a cold cathode device 1n a driven state 1s located.
Accordingly, when compensation 1s to be performed, 1t 1s
necessary to perform compensation according to image data.

To compensate for a luminance decrease caused by the
voltage drop, JP-A-8-248920 discloses a construction which
calculates the quantity of correction of image data and syn-
thesizes the quantity of correction and the image data.
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2

The related art construction will be described below with
reference to FIG. 16. FIG. 16 shows the construction diagram
of a second embodiment of JP-A-8-248920. Although the
detailed description provided 1in JP-A-8-248920 1s omitted
herein, the second embodiment of JP-A-8-248920 discloses a
construction in which, as shown 1n FIG. 16, multipliers 208
which are respectively provided on column wirings multiply
luminance data by correction data supplied from memory
means 207 and transfer corrected data to a modulated signal
generator 209 for the purpose of correction.

In addition, the present inventor discloses 1 JP-A-2002-
229506 an example which suitably compensates for the influ-
ence of voltage drops by means of a more simple circuit
construction. Although the detailed description provided 1n
JP-A-2002-229506 1s omitted herein, JP-A-2002-2293506
discloses an 1mage display apparatus which performs line
sequential scanning of 1ts display panel having wirings con-
nected 1n matrix form. Furthermore, there 1s disclosed a con-
struction which calculates and compensates for the quantities
of voltage drops occurring 1n scanning wirings when modu-
lation 1s being performed by means of voltage-amplitude
modulation, through a reduced number of circuits.

JP-A-2002-229506 also has a description referring to a
method of dividing the length of a scanning wiring into a
plurality of blocks before the calculation of voltage drop
quantities, calculating the voltage drop quantities of the
respective blocks from the states of lighting of the respective
blocks, and correcting the wavetforms of driving pulses to be
applied to a respective plurality of column wirings, by inter-
polating the voltage drop quantities of the respective blocks.

The present inventors have made further investigations and
have discovered that a modulation method using both modu-
lation of pulses 1n the voltage direction and modulation of
pulses 1n the time direction as shown 1n FIG. 17 1s preferable
as a modulation method (modulated pulses) for modulating a
display panel.

The reason for this 1s as follows:

(1) If a preferable number of gray scale levels for display-
ing an 1mage are to be represented, the use of simple pulse-
width modulation makes the clock frequency of pulse-width
modulation excessively high; and

(2) If a preferable number of gray scale levels for display-
ing an 1mage are to be represented, the use of simple ampli-
tude modulation increases the number of bits of a D/A con-
version circuit, so that the circuit scale becomes large.

However, investigations have not yet been made as to a
method of compensating for the influence of the above-de-
scribed voltage drops according to gray scale information on
image data in the modulation method using both modulation
of modulated pulses 1n the voltage direction and modulation
of modulated pulses 1n the time direction.

Satisfactory mvestigations have not yet been made as to: in
what order modulated pulses are to be increased 1n the above-
described modulation method when mput data for modula-
tion means are increased for the purpose of compensating for
voltage drops and suitably displaying an image.

SUMMARY OF THE INVENTION

An object of the invention 1s to provide an art which suit-
ably compensates for the influence of voltage drops and
obtains a preferable display image by using a modulation
method employing both modulation of pulse width 1n the
voltage direction and modulation of pulse width 1n the time
direction.

Another object of the mvention 1s to provide an i1mage
display apparatus which comprises:
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image display devices arranged 1n matrix form, driven via
a plurality of row wirings and column wirings, and used for
forming an 1mage;

scanning means for sequentially selecting and scanning the
row wirings;

modulation means for outputting a modulated signal to be
applied to the column wirings; and

voltage drop compensation means for calculating cor-
rected image data for reducing an influence of voltage drops
due to at least resistance components of the row wirings, with
respect to 1mage data,

wherein the modulated signal 1s a pulse-width modulated
voltage signal having a plurality of voltage amplitude values,

the modulation means output a modulated signal 1n which
a pulse width and/or a voltage amplitude value of the modu-

lated signal are expanded on the basis of the corrected image
data.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a block diagram schematically showing the circuit
construction of an 1image display apparatus according to the
first embodiment:

FI1G. 2 15 a perspective view of a display panel used 1n the
image display apparatus according to the first embodiment;

FIG. 3 1s a graph showing the characteristics of a surface
conduction electron-emitting device which 1s one example of
the 1mage display device according to the first embodiment;

FIGS. 4 A to 4C are schematic views showing one example
of the wavelorm of a modulated pulse in the 1mage display
apparatus according to the first embodiment;

FIGS. 5A and 5B are schematic views showing another
example of the wavelorm of the modulated pulse 1n the image
display apparatus according to the first embodiment;

FIGS. 6A to 6D are views for describing a method of
calculating voltage drops on row wirings from device current
quantities;

FIGS. 7A and 7B are views for schematically describing an

approximate model introduced 1 a method of calculating
voltage drop quantities 1n the first embodiment;

FIG. 8 1s a view schematically showing a scanning circuit
according to the first embodiment;

FIG. 9 1s a graph showing a conversion table 1n input
converting means according to the first embodiment;

FIG. 10 1s a block diagram schematically showing a volt-
age drop quantity calculating part according to the first
embodiment;

FIG. 11 1s a block diagram schematically showing voltage
drop compensation means according to a second embodi-
ment;

FI1G. 12 1s a block diagram schematically showing voltage
drop compensation means according to a third embodiment;

FI1G. 13 1s a block diagram schematically showing another
voltage drop compensation means according to the third
embodiment;

FIG. 14 1s a block diagram schematically showing voltage
drop compensation means according to the third embodi-
ment;

FIG. 15 1s a block diagram schematically showing another
voltage drop compensation means according to a fourth
embodiment;

FIG. 16 1s a block diagram schematically showing the
construction of a related art image display apparatus; and
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4

FIG. 17 1s a view for describing a modulation method using,
both modulation of pulses in the voltage direction and modu-
lation of pulses 1n the time direction.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

Preferred embodiments of the mvention will be 1llustra-
tively described below 1n detail with reference to the accom-
panying drawings. In the following description, unless other-
wise specified, the scope of the invention 1s not to be
construed to be limited to specific factors such as dimensions,
materials, shapes or relative arrangements of 1ndividual con-
stituent components of embodiments which will be described
below.

First Embodiment

As described above, an 1mage display apparatus in which
image display devices such as surface conduction electron-
emitting devices are arranged 1n the form of a passive matrix
structure has the problem that a display image 1s degraded by
the influence of voltage drops on row wirings.

The first embodiment aims to suitably compensate for the
influence of voltage drops due to wiring resistance 1 an
image display apparatus employing a modulation system
which modulates the voltage direction and the time direction
of pulse width (amplitude and pulse-width modulations).

The general view and the electrical connection of a display
panel which 1s an 1mage display apparatus according to the
invention are based on the construction described 1n JP-A-
2002-2293506, that 1s to say, a structure in which row wirings
and column wirings are arranged 1n the form of a so-called
passive matrix and image display devices are respectively
disposed at the intersections of the row wirings and the col-
umn wirings (refer to FIG. 2).

The characteristics of a surface conduction electron-emit-
ting device which can be suitably used as one example of an
image display device for the image display apparatus accord-
ing to the mvention will be described below.

(Characteristics of Surface Conduction Electron-Emitting
Device)

The surface conduction electron-emitting device includes
two electrodes and an electron-emitting part formed therebe-
tween. As shown 1n FI1G. 2, the two electrodes are respectively
connected to a row wiring 1003 and a column wiring 1004,
and when a predetermined voltage 1s applied across both
clectrodes (the potential difference 1s a device driving voltage
V1), electrons are emitted from the electron-emitting part. A
current produced by the emitted electrons will be hereinafter
called an emission current Ie, while a current tlowing between
both electrodes 1s called a device current If.

FIG. 3 1s a graph showing the characteristics of a surface
conduction electron-emitting device which 1s one example of
an 1mage display device according to the first embodiment.
As shown 1n FIG. 3, a typical surface conduction electron-
emitting device has an (emission current Ie) vs. (device driv-
ing voltage V1) characteristic and a (device current If) vs.
(device driving voltage V1) characteristic. Since the emission
current Ie 1s remarkably small compared to the device current
If and both currents Ie and It are difficult to represent on the
same scale, their two curves are represented on different
scales.

This surface conduction electron-emitting device has the
tollowing three characteristics as to the emission current Ie.

Firstly, when a voltage not lower than a certain voltage
(called a threshold voltage Vth) 1s applied to the device, the
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emission current Ie increases sharply, whereas the emission
current Ie 1s rarely detected 1n the case of a voltage lower than
the threshold voltage Vth. Namely, the surface conduction
clectron-emitting device can be called a non-linear device
having the threshold voltage Vth which 1s definite with

respect to the emission current Ie.

Secondly, since the emission current Ie varies depending
on the device driving voltage V1 applied to the device, the

magnitude of the emission current Ie can be controlled by
varying the device driving voltage VT.

Thirdly, since the cold cathode device has a high-speed
response, the emission time of the emission current Ie can be
controlled by the application time of the device driving volt-

age V1.

Because the surface conduction electron-emitting device
has the above-described characteristics, the device can be
suitably used 1n a display apparatus. For example, by using
the first characteristic, the display apparatus can perform
display while sequentially scanning 1ts display screen.
Namely, voltages not lower than the threshold voltage Vth are
appropriately applied to devices which are being driven,
according to a desired emission luminance, while voltages
lower than the threshold voltage Vth are applied to devices
which are placed 1n a non-selected state. The display appara-
tus can perform display while sequentially scanning the dis-
play screen by sequentially switching devices to be driven.

In addition, by using the second characteristic, the display
apparatus can control the emission luminance of its phos-
phors according to the magnitude of the device driving volt-
age V1 to be applied to the devices, whereby 1t 1s possible to
realize display of gray scale images and adjustment of image
quality.

In addition, by using the third characteristic, the display
apparatus can control the emission time of the phosphors
according to the time for which to apply the device driving
voltage V1 to the devices, whereby 1t 1s possible to realize
display of gray scale images and adjustment of 1image quality.

Accordingly, the image display apparatus of the invention
performs modulation for a display panel 1 by using both of the
second and third characteristics.

FIGS. 4A to 4C are schematic views showing one example
of the wavetform of a modulated pulse 1n the 1image display
apparatus according to the first embodiment.

The driving pulse shown 1n FIGS. 4A to 4C 1s used 1n the
invention on the basis of advantages such as the fast response
of the cold cathode device and superior controllability of
voltages.

The wavetorm shown in FIG. 4A 1s one example 1n which
the number of bits of a modulation circuit (modulation
means) 1s 10. In FIG. 4A, At represents one unit time (one
time slot) during which a gray scale level increases in the
direction of time, and the wavelorm has 256 time slots.

In the amplitude direction of voltage, four voltages V1, V2,
V3 and V4 (in the first embodiment, |V1|<IV2|<|V3I<|V4l,
where || represents an absolute value) are respectively shown
according to different input values given to the modulation
means.

The differences between the voltage amplitude values, 1.¢.,
IV2I-IV1l, IV3I-1V2] and IV4|-1V 3|, are each hereinafter
called one unit voltage.

The numbers shown 1n FIGS. 4A to 4C correspond to the
s1zes of input data given to the modulation means, and 1n the
wavelorm of FIGS. 4A to 4C, if the mput data given to the
modulation means 1s X, a wavetform made of blocks each
assigned a number not greater than X 1s outputted.
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For example, 1f the input data 1s 511 (decimal number), the
voltage V2 1s outputted during the 1st to 255th time slots and
the voltage V1 1s outputted during the 256th time slot (FIG.
4B).

Similarly, 1f the mput data 1s 770 (decimal number), the
voltage V4 1s outputted during the 1st and 2nd time slots and
the voltage V3 1s outputted during the 3rd to 256th time slots
(FI1G. 4C).

According to the invention, in the image display apparatus
which outputs a driving voltage wavelform modulated 1n the
time direction and in the voltage-amplitude direction on the
basis of input data given to the modulation means that corre-
sponds to 1mage data, when compensation of voltage drops
which will be described below 1s performed, the integral
value of the amount of the compensation 1s increased by
maintaining the method of forming this voltage waveiorm.

Namely, when the input data 1s to be increased by one unit
as the compensation of the voltage drops, the time slot 1s first
preferentially increased (increased by one unit time), and 1
the time slot 1s satisfied, the voltage amplitude value 1s
increased by one unit voltage.

The wavetorm shown 1n FIG. 4 1s merely one example, and
wavetlorms such as those shown 1n FIGS. 5A and 3B may also
be used.

In the above-described example, the voltage amplitude
direction are realized by switching four power sources, but
this method 1s not construed to be particularly limitative.

The potential difference between any of the potentials V1,
V2, V3 and V4 and a selecting voltage Vs which a scanning
circuit outputs to a selected scanning wiring 1s set to be larger
than the threshold voltage Vth shown in FIG. 3.

The potential difference between any of the potentials V1,
V2, V3 and V4 and a non-selecting voltage Vns which the
scanning circuit outputs to a non-selected scanning wiring 1s
set to be smaller than the threshold voltage Vth.

By setting operating points 1n this manner, it 1s possible to
suitably perform modulation by the modulation method of the
first embodiment.

A voltage drop compensation method according to the first
embodiment will be described below.

(Voltage Drop Compensation Method)

When voltage drops are to be compensated for in the
above-described modulation method, the quantities of volt-
age drops which actually occur needs to be calculated as a
preparatory step.

To predict the quantity of a voltage drop to occur on the row
wiring 1003, the present mnventors have taken account of the
following characteristics (1) to (3).

(1) The output wavelorm of the modulation means is a
wavelorm which temporally varies as shown 1n FIGS. 4A to
4C. However, the temporal variation assumes a waveform
which varies from a certain potential to a potential immedi-
ately below the same during one horizontal scanning period
and subsequently takes a constant potential, so that a variation
in current 1s small. In the case of a display 1image such as a
picture of nature, various shapes of driving pulses are applied
from individual columns and a combined current made of
currents produced by the application of the driving pulses
flow 1n scanning wirings, and therefore, this combined cur-
rent also has small temporal variation. Accordingly, the quan-
tity ol a voltage drop produced by the combined current

flowing 1n the scanning wirings also has small temporal varia-
tion.

From this characteristic, in the first embodiment, the tem-
poral variation of the quantity of a voltage drop which occurs
during one horizontal scanning period 1s 1ignored, and com-
pensation 1s performed on the basis of the quantity of a volt-
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age drop which occurs averagely during one horizontal scan-
ning period (the average quantity of a voltage drop during one
horizontal scanning period 1s heremaiter called “effective
voltage drop quantity™).

In addition, as the next approximation, the effective voltage
drop quantity is calculated on the assumption that a voltage of
clfective amplitude value 1s applied which 1s obtained by
averaging the temporal variations of modulated pulses
applied to modulation wirings.

(2) In the VI vs. If characteristic curve shown in FIG. 3, 1n
the case where a device current occurring when an effective
voltage VFO 1s applied across the surface conduction elec-
tron-emitting device 1s defined as 110, 11 the device current of
10 1s injected 1nto the surface conduction electron-emitting
device, the effective voltage VFO0 1s produced across the
device.

(3) Voltage drops which occur in row wirings selected
when the device current 111, a device current If2, . . ., and a
device current IfN are respectively made to flow in a column
wiring 1, a column wiring 2, . . . , and a column wiring N
satisty a so-called principle of superposition, so that voltage
drops which occur when the respective device currents are
made to flow 1n the mdividual column wirings can be easily
calculated as a superposed voltage drop quantity.

Theretfore, 1n the first embodiment, the voltage drop quan-
tity 1s calculated 1n accordance with the following steps.

First of all, input 1image data 1s converted to etiective volt-
age values to be applied to the individual modulation wirings
when the input 1image data 1s directly inputted to the modu-
lation means.

Then, the effective voltage values are converted to the
cifective quantities of device currents which flow when the
elfective voltage values are applied to surface conduction
clectron-emitting devices on the selected column wirings.

Further, voltage drop quantities on the column wirings
when the device currents are made to flow 1n the respective
column wirings are calculated 1n accordance with the char-
acteristic (3).

Further, the calculated voltage drop quantities are respec-
tively added to the above-described effective voltage values
to compensate for the same.

Further, the obtained voltage values are converted to modu-
lation data which enables the average value of the amplitudes
to become an effective voltage value to be obtained by addi-
tion, and the modulation data 1s inputted to the modulation
means.

FIGS. 6A to 6D are views for describing a method of
calculating voltage drops on row wirings from device current
quantities on the basis of the above-described characteristic
(3).

In FIGS. 6A to 6D, for the sake of simplicity, only four
column wirings are shown, and the illustration of row wirings
1s omitted except selected row wirings. A potential on each of
the selected row wirings 1s described as a ground potential,
because the potential serves as a basis for calculation of
voltage drop quantities on the row wirings.

In addition, 1n FIGS. 6 A to 6D, r denotes the resistance
value of a row wiring between an arbitrary one of the column
wirings and an adjacent one, and the resistance value r 1s
common 1n the section between each of the column wirings.
A row wiring lead portion also has the resistance r. Surface
conduction electron-emitting devices connected between the
column wirings and the row wirings are also omitted because
the surface conduction electron-emitting devices are not
needed 1n terms of calculation.

FIG. 6A shows an example of the case where the device
current If1 1s injected into only the column wiring 1. Poten-
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tials which occur at AV1 to AV4 at this time are as shown by
a line graph on the right side of FIG. 6 A (the vertical axis
represents potentials and the horizontal axis represents hori-
zontal positions), and the following potential differences
occur with respect to the ground potential.

AV1=4/5xrxlif],
AV2=3/5xrxIf],
AV3=2/5xrxifl, and

AV4=1/5xrxIfl. [Equations 1]

FIG. 6B likewise shows an example of the case where the
device current If2 1s 1njected 1nto only the column wiring 2.
Potentials which occur at AV1 to AV4 at this time are as
shown by a line graph on the right side of FIG. 6B, and the
following potential differences occur with respect to the
ground potential.

AV1=3/5rxIf2,
AV2=6/5xrxif2,
AV3=4/5xrxIf2, and

AVA=2/5xrxif2

FIG. 6C likewise shows an example of the case where the
device current I3 1s 1njected 1nto only the column wiring 3.
Potentials which occur at AV1 to AV4 at this time are as
shown by a line graph on the night side of FIG. 6C, and the
following potential differences occur with respect to the
ground potential.

AV1=2/5xrxlf3,
AV2=4/5xrxIf3,
AV3=6/5xrxif3, and

AV4A=3/5xrxlif3. [Equations 3]

FIG. 6D likewise shows an example of the case where the
device current 14 1s 1njected nto only the column wiring 4.
Potentials which occur at AV1 to AV4 at this time are as
shown by a line graph on the right side of FIG. 6D, and the
following potential differences occur with respect to the
ground potential.

AV1=1/5xrxIfa
AV2=2/5xrxIf4,
AV3=3/5xrxIf4, and

AVA4A=4/5xrxif4. [Equations 4]

From the above-described characteristic (3), these equa-
tions 1 to 4 satisiy the principle of superposition, so that when
the respective device currents 111 to 114 are injected 1nto the
column wirings 1 to 4, potentials occur at AV1 to AV4 accord-
ing to Equation 5.

AV 4 3 2 117 |Equation 3]
AV2 r|13 6 4 2| If2
AV3| 5|2 4 6 3|3
AV4 1 2 3 4| Ifd4

In the description of the first embodiment, reference has
been made to a sitmple model including four column wirings.
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However, the present inventors have confirmed that the
above-described law applies 1n principle to other cases where
a far larger number of column wirings are used or the resis-
tance values of wirings are not uniform, even though the
constant and the like change.

The image display apparatus includes not smaller than 100
column wirings. However, even 1f the number of column
wirings increases, the voltage drop quantities on selected
column wirings can be calculated by repeating the above-
described calculation method as to each of the column wir-
ngs.

In the case of a display panel having N number of column
wirings, this calculation 1s performed as the matrix operation
shown by Equation 6. However, to execute the operation of
Equation 6 in synchronism during one horizontal scanning
period, the number of calculations becomes extremely large
so that large scale hardware 1s needed (an NxN product-sum
operation needs to be performed by N times).

CAVI ] [ all al2 - alN [If1l] |Equation 6]
AV?2 a2l a22 -+ alN || If2
AV3 | =| a3l a32 - a3N || If3

CAVN | [ aN1 aN2 --- aNN || IIN |

where a11(1=1 to N, 1=1 to N) 1s a constant determined by the
value of wiring resistance.

Accordingly, the present inventors adopt a method of cal-
culating an approximate solution of a voltage drop quantity
by means of a degenerate approximate model 1 order to
simplity calculations. FIGS. 7A and 7B are views for sche-
matically describing a degenerate approximate model (refer

to FIG. 7B) of adisplay panel (refer to FIG. 7A) 1n the method
of calculating the voltage drop quantity.

Namely, as shown 1 FIGS. 7A and 7B, the following
modeling 1s performed.

(1) N number of column wirings are grouped into four
blocks (n=N/Block; Block=4).

(2) The sum of device currents 1n each of the blocks 1s made
to tlow 1nto the center of the same.

(3) Nodes P1 to P5 are defined at boundary positions
between the blocks, and the potential differences (voltage
drop quantities) between the potentials of the nodes P1 to P3
and supply end potentials (Vs) of selected column wirings are
respectively defined as AVN1 to AVNS (the reason for this 1s
to make 1t easy to calculate linear approximation which wall
be described later, because the nodes are defined at the bound-
ary positions between the blocks).

(4) The value of the resistance between each adjacent one
of the nodes 1s multiplied by n in terms of degeneration.
AVNI1 to AVNS 1n the degenerate model shown 1n FIG. 7B
can be easily calculated by the matrix operation expressed as
Equation 7.

CAVNL] [bl1 b12 bl13 514'_”:3_1__ [Equation 7]
AVN?2 21 b22 b23 b4 N
IFB[2
AVN3 | = | b31 532 b33 534 N
| IFB[3
AVN4 pAl b42 b43 bad -
IFB[4
CAVNS | | 651 b52 53 b54 | '
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where b1j(1=1 to 5, 1=1 to 4) 1s a constant determined by the
value of wiring resistance, and IFB[J] (I=1, 2, .. . BLOCK) 1s
the sum of current values IF[I]| contained 1n the block J.

In the case of BLOCK=4 1n this example, IFB[J] can be
calculated as follows:

|Equation 8]

IFB[1] = Z IF[1].
=1

2n

IFB[2] = Z IF[1],

f=n+1

3n
IFB[3] = Z IF[I], and
=2n+1

dn

IFB[4] = Z IF[1],

{=3n+1

where n represents the number of column wirings contained
in one block, and n=N/BLOCK=N/4.

The device current IF[I] (I=1, 2, . .., N) 1n a certain column
wiring can be found from the characteristic of FIG. 3 as a
current which flows when an effective voltage AVF[I] (I=1,
2, ..., N)1or each of the column wirings 1s applied across the
surface conduction electron-emitting device.

In addition, b1y represents a potential produced at the 1-th
node when a unit current 1s injected into the 1-th block, on the
basis of the end portions of the row wiring. This b1 1s a
constant determined by the value of wiring resistance, and
can be calculated 1n accordance with Kirchhoil’s laws.

Accordingly, by performing the calculation of Equation 7,
it 15 possible to approximately find the values AVN1 to AVNS
of voltage drops at the nodes P1 to P5.

Then, in the first embodiment, the voltage drop quantity on
the column wiring positioned between adjacent ones of the
nodes 1s found by performing linear approximation with volt-
age drop quantities AVN, and AVN,_, at the two adjacent
nodes on the basis of Equation 9.

B AVN, X (Xpo1 — X))+ AVN, 1 X (x — Xi) [Equatiﬂn 9]

AVI[I
U] Xi+1 — Xk

Since the positions of the respective nodes are set at the
boundaries between the blocks as described above, there 1s a
merit which enables a voltage drop quantity at a point
between adjacent middle ones of the blocks to be easily
linearly approximated even at a block positioned at either of
extreme ends of the row wiring. Namely, it 1s possible to
perform linear approximation at the extreme-end block more
casily than to define a node between the middle ones of the
blocks.

In the above example, the number of blocks 1s four, but it
goes without saying that 1t 1s possible to reduce approxima-
tion error by increasing the number of blocks. Since the curve
of the voltage drop occurring on the row wiring 1s a smooth
curve, the practical problem of this approximation error due
to linear approximation can be nearly solved by sufliciently
increasing the number of blocks.

As the number of blocks, an optimum value may be
selected 1n terms of the value of wiring resistance, the char-
acteristics of surface conduction electron-emitting devices,
modulated voltage, the number of column wirings, error
caused by these factors, and the like.
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As to the number of calculations, 1n the case where
approximation 1s not performed, N number of product-sum
operations must be repeated by N times. However, 1n the case
where approximation 1s performed, as shown by the matrix
operation of Equation 7, a product-sum operation needs only
to berepeated by (BLOCK)x(BLOCK+1 ) times, whereby the
number of calculations can be greatly reduced (1n the above-
described example, since BLOCK=4, 4x5=20 product-sum
operations suifice). In general, this number of calculations
can be executed within a period of time suiliciently shorter
than one horizontal scanning period.

By adding the voltage drop quantities calculated in the
above-described manner to modulated potentials to be
applied to the column wirings and applying to the column
wirings the modulated potentials which are offset by the
added quantities, emission currents emitted from the respec-
tive surface conduction electron-emitting devices are pre-
vented from being influenced by voltage drops on the row
wirings.

Accordingly, by applying this compensation, 1t 1s possible
to ameliorate the degradation of images due to the influence
of voltage drops that has so far been a problem.

In addition, since calculations are performed with approxi-
mation using the above-described calculation method with-
out calculations performed on all the column wirings, it 1s
possible to calculate voltage drop quantities by the matrix
operation of Equation 7 and the linear approximation of
Equation 9, whereby 1t 1s possible to remarkably reduce the
number of calculations 1n comparison with the large scale
matrix operation ol Equation 6.

In addition, by reducing the number or calculations, 1t 1s
possible to realize the calculations of Equation 7 and Equa-
tion 9 by means of hardware having a very simple construc-
tion as described below.

The above description has referred to the calculation of
voltage drop quantities according to the invention.

The entire construction of the 1mage display apparatus
containing a processing circuit for performing compensation
of voltage drops in the above-described manner will be
described below.

(Description of the Entire System and the Functions of
Individual Parts)

FIG. 11s a block diagram schematically showing the circuit
construction of the image display apparatus according to the
first embodiment.

An 1mage display apparatus 100 includes the display panel
1, connecting terminals Dx1 to DxM and Dx1' to DxM' of the
row wirings of the display panel 1, connecting terminals Dyl
to DyN of the column wirings of the display panel 1, a
high-voltage terminal Hv for applying an acceleration voltage
between a faceplate 1007 and a rear plate 1005 (refer to FIG.
2), a high-voltage power source Va, scanning circuits 2 and 2,
and a modulation circuit 8 for outputting the waveform
described previously with reference to FIGS. 4A to 4C.

An mversey conversion part 9 inversely converting a video
signal which 1s y-corrected to show linear luminance charac-
teristics when displayed on a CRT, 1nto a signal for the display
panel 1 of the invention. A timing generating circuit 4 gener-
ates timing for each part. A shift register S stores data for one
line. A latch circuit 6 1s a circuit which latches data for one
line. Voltage drop compensation means A according to the
first embodiment has an mput converting part 10, a voltage
drop quantity calculating part 11, a delay circuit part 12, an
operation part 13, and an output converting part 14.

Incidentally, the image display apparatus 100 according to
the first embodiment 1s capable of coping with various video

sources such as SD, HD and MPEG, but for the sake of
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simplicity, the following description will refer to processing,
subsequent to decoding 1nto R, G and B video signals (In the
processing of the invention, since diflerent processes are not
executed on R, G and B video signals, the following descrip-
tion refers to the processing of a single video signal).

(Scannming Circuit)

The scanning circuits 2 and 2' output a selecting potential
Vs or a non-selecting potential Vns to the connecting termi-
nals Dx1 to DxM and Dx1' to DxM, respectively, in order to
sequentially scan the display panel 1 on a row-by-row basis.

The scanning circuits 2 and 2' perform scanning by sequen-
tially switching scanning wirings to be selected, at intervals
of one horizontal scanning period in synchronism with a
timing signal Tscan from the timing generating circuit 4.

Incidentally, the timing signal T'scan 1s a group of timing,
signals produced from a vertical scanning signal and a hori-
zontal scanning signal.

Each of the scanning circuits 2 and 2' includes M number of
switches 201, a shift register 202 and the like, as shown 1n
FIG. 8. Each of these switches 201 1s preferably made of a
transistor or an FET.

In order to reduce voltage drops on the row wirings, it 1s
preferable that, as shown in FIG. 1, the scanning circuits 2 and
2' be connected to the opposite ends of each ol the row wirings
of the display panel 1 to drive the display panel 1 from the
opposite ends. Of course, the invention 1s effective even in the
case where scanning circuits are not connected to the opposite
ends of row wirings, and 1s applicable to such a case merely
by modifying the parameters of the compensating means
which will be described below.

(Voltage Drop Compensation Means A)

The voltage drop compensation means A 1s a circuit which
calculates the quantity of a voltage drop to occur on a scan-
ning wiring. The voltage drop compensation means A pre-
dicts a voltage drop quantity which averagely occurs during
one horizontal scanning period, on the assumption that a
temporal variation in the quantity of a voltage drop to occur
on a scanning wiring 1s small as described previously.

(Input Converting Part 10 (Effective Voltage Calculating
Means))

The input converting part 10 1s means for calculating the
elfective voltage data AVF[I] (I represents a horizontal posi-
tion, where I=1, 2, . . . , N) from inverse-y-converted image
data Din|[I] 1n a certain horizontal line 1 order to find an
elfective voltage value (an effective voltage averaged in the
time direction) obtainable when the image data Din[I] 1s
directly inputted to the modulation circuit 8 which 1s the
modulation means.

More specifically, the mput converting part 10 performs
conversion such as that shown in FIG. 9 while taking the
output characteristics (FIGS. 4A to 4C) of the modulation
circuit 8 1n account, to convert image data corresponding to
individual column wirings on a selected row wiring into
elfective voltage data, respectively. The input converting part

10 can be easily constructed by using a table memory or the
like.

(Voltage Drop Quantity Calculating Part 11)

The voltage drop quantity calculating part 11 1s means for
calculating a voltage drop quantity from the effective voltage
data.

As described above 1n the first embodiment as well, the
voltage drop quantity calculating part 11 1s constructed to
calculate a voltage drop quantity by using a degenerate model
reduced 1n the number of calculations.

As shown 1n FIG. 10, the voltage drop quantity calculating
part 11 includes four parts, 1.e., a device current converting
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part (means) 30, a device current summing part 31, a matrix
calculation part 32 and a horizontal interpolation part 33.

The device current converting part 30 1s a circuit which
converts the effective voltage data into device current data.

The device current converting part 30 converts the effective
voltage data AVF [I] (I=1, 2, . .., N, where I represents a
horizontal position) nto device current data IF[I] (I=1,
2, ..., N, where I represents a horizontal position) on the basis
of the (device current I1) vs. (device driving voltage V1) curve

shown 1n FIG. 3.

The device current summing part 31 divides the horizontal
direction of the display screen into a plurality of blocks, and
calculates the sum IFB[J] (J=1, 2, . . ., 4, where J represents
a block number) of the device currents If of the individual

blocks.

The matrix calculation part 32 1s a circuit which performs
the matrix operation described as Equation 7.

The voltage drop quantity calculating part 11 performs the
above-described processing to calculate the voltage drop
quantities (voltage drop quantity data) AVNI] to AVNS at
horizontal positions corresponding to the respective nodes.

To find a voltage drop quantity at an arbitrary position, the
horizontal interpolation part 33 performs horizontal mterpo-
lation on the discrete voltage drop quantities given by Equa-
tion 9. In the mvention, mterpolation 1s performed by linear
approximation and voltage drop quantity data AV[I] (I=1,
2, ..., N) at an arbitrary horizontal position I 1s calculated.

(Delay Circuit Part 12)

The delay circuit part 12 1s an operation circuit which wall
be described later, and serves as a circuit which delays the
elfective voltage data AVF [I] to cause the timing of an effec-
tive voltage and the timing of a voltage drop quantity to
coincide with each other when the effective voltage and the
voltage drop quantity are to be added together.

The delay circuit part 12 delays the effective voltage data
AVF [I] and converts it to effective voltage data AVFDII]
(I=1, 2, ..., N, where I represents a horizontal position), and
outputs the effective voltage data AVFDII] to the operation
part 13.

(Operation Part 13)
The operation part 13 serves as means for adding the volt-
age drop quantities AV[I] (I=1, 2, . . . ., N) corresponding to

individual horizontal positions to the effective voltage data
AVFDI[I] (I=1, 2, ..., N) corresponding to 1image data Data|I]
(I=1, 2, ..., N) at the individual horizontal positions.

Namely, the following operation 1s performed by consid-
ering the horizontal position I;

CVF[T]=AVFD/+AV[I] (I=1,2, ..., N), [Equation 10]

and corrected eflective voltage data CVF][I] 1s calculated.

(Output Converting Part 14)

The output converting part 14 serves as means for calcu-
lating, on the basis of the corrected effective voltage data
CVF]I], an input value to be given to the modulation means so
that the output of the modulation means provides a similar
elfective voltage.

Specifically, the output converting part 14 performs the
inverse conversion of the conversion shown m FIG. 9 and
calculates corrected image data Dout[I] corresponding to the
input of the modulation means.

(Shift Register 5 and Latch Circuit 6)

The image data Dout[I] (I=1, 2, .. ., N) which 1s the output
from the operation means 1s converted from 1ts serial data
format to parallel image signals 1ID1 to IDN for individual
column wirings through serial/parallel conversion by the shift
register 5. Then, the image signals 1D1 to IDN are loaded into
the latch circuit 6 by a timing signal Tload immediately
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before one horizontal scanning period is started. The latch
circuit 6 supplies parallel image signals D1 to DN to the
modulation means.

In the first embodiment, the image signals ID1 to IDN and
D1 to DN are 8-bit image signals, respectively. These shiit
register 5 and latch circuit 6 operate at operating timing based
on a timing control signal Tsit and the timing control signal
Tload supplied from the timing generating circuit 4.

(Modulation Means (Circuit) 8)

The modulation circuit 8 1s constructed to output the modu-
lated pulse shown in FIG. 4 to the mputs D1 to DN of the
modulation circuit 8. The modulation means 8 can be easily
constructed by using a counter for counting time slots, a
comparator, a switch for switching V1 to V4, a decoder and

the like.

This image display apparatus 1s capable of restraining the
influence of voltage drops on row wirings which has hereto-
fore been a problem, and ameliorating the degradation of a
display image caused by the voltage drops, thereby providing
an 1mage ol very good quality.

Second Embodiment

According to the voltage drop compensation method of the
first embodiment, 1t 1s possible to suitably perform compen-
sation of voltage drops.

On the other hand, there 1s the possibility that the construc-
tion of the first embodiment may cause the problem that the
corrected 1image data Dout[I] exceeds the input range of the
modulation means 8 to such an extent that preferable correc-
tion becomes impossible.

The cause of this problem 1s that a voltage corresponding to
elfective voltage data CFV]I] corrected by performing the
correction exceeds the maximum voltage that can be output-
ted from the modulation means 8.

In the following description of the second embodiment,
reference will be made to an example in which measures are
taken against such a problem (hereinatter called “overtlow™).

FIG. 11 1s a block diagram schematically showing the
voltage drop compensation means A according to the second
embodiment.

—

I'he second embodiment differs from the first embodiment
in that the inverse-y-converted image data Din[1] 1s multiplied
by a mixed coellicient smaller than 1, thereby reducing a
range which can be taken by the 1image data Din[I] (a multi-
plier 17).

In the second embodiment, as shown 1n FIG. 11, a coetfi-
cient of 0.75 1s selected. However, this value 1s merely one
example, and the coelficient may be selected so that a voltage
corresponding to the corrected effective voltage data CFV[I]
does not exceed the maximum voltage value (V4) that can be
outputted from the modulation means 8.

It 1s to be noted that at the time of selection of the coelli-
cient, 1t 100% full-screen white display is selected as the
input, the voltage drop quantity at this time reaches 1ts maxi-
mum, and 1f an overflow does not occur 1n this case, overtlows
can be prevented from occurring 1n any other case.

By constructing the circuit in the above-described manner,
it 1s possible to more suitably perform compensation of volt-
age drops.

Third Embodiment

In the second embodiment, 1t 1s possible to more suitably
perform compensation of voltage drops by multiplying input
image data by a fixed gain to take measures against an over-
flow.

In the following third embodiment, reference will be made

to another construction which prevents an overtlow. FIG. 12
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1s a block diagram schematically showing the voltage drop
compensation means according to the third embodiment.

The third embodiment differs from the second embodi-
ment 1n that the mverse-y-converted image data Din[I] 1s
multiplied by a coelficient (gain) which varies on a frame-by-
frame basis, thereby reducing a range which can be taken by
the 1mage data Din[I].

In the third embodiment, as shown in FIG. 12, a maximum
value Dmax|[k] of the k-th frame of the corrected 1mage data
Dout[I] 1s detected (a maximum value detecting part 15).
Further, a gain G[k] 1s calculated 1n the following manner so
that the maximum value Dmax[k]is contained in the input
maximum value MAXin (a gain calculating part 16).

G/k]=G[k—1]xMAXmm/Dmax[k], [Equation 11]

where G[k] 1s the gain of the k-th frame.

Furthermore, the mput image data Din[I] of the (k+1)-th
frame 1s multiplied by the calculated gain GJlk], to limit a
range which can be taken by the input image data Din[I] (a
multiplier 17).

This method of dynamically varying the gain on a frame-
by-frame basis otfers the merit of enabling effective use of the
output range of the modulation means 8, and 1s greatly supe-
rior 1n that particular kinds of images can be displayed with
higher luminance and higher gray scale levels than can be
displayed 1n the second embodiment.

Incidentally, there 1s the problem that although the above-
described gain calculating method can prevent overtlows, a
visible flicker may also be caused i an 1mage because the
variation of the gain between frames 1s excessively large.

FIG. 13 1s a block diagram schematically showing another
voltage drop compensation means according to the third
embodiment.

Referring to FIG. 13, to cope with the above-described
problem, a filter part 18 1s provided as a new part in order to
take measures to restrain the variation of the gain by means of
a filter (low-pass filter) for smoothing the variation of the gain
between frames.

It 1s also possible to calculate another gain Galk] whose
variation 1s restraimned by a feedback filter which 1s shown
below by way of example.

Gafk]=axGlk]+(1-a)xGa[k-1],

[Equation 12]

where a 1s a coellicient of O<a<l].

The 1mage data Din[l] 1s multiplied by the gain Galk]
calculated in this manner, whereby overflows can be pre-
vented.

Incidentally, there are some cases where overtlows cannot
be strictly prevented by filtering the gain.

To completely prevent overflows, a limiter part 19 which
completely limits the size of the corrected 1mage data Dout|[I]
to a range below the mput maximum value MAXin of the
modulation means 8 1s provided as shown in FI1G. 13. With the
limiter part 19, 1t 1s possible to completely prevent overflows.

Namely,

Dout2[I]=Dout[I] (when Dout[I]<MAXin), and

Dout2[I]=MAXin (when Dout[I]ZMAXin). [Equations 13]

When the output Dout|[I] limited 1n this manner 1s supplied
to the mput of the shift register 5, greatly preferable modula-
tion can be performed.

The present inventors has confirmed another problem in
which when a scene change occurs 1n an image, a gain before
filtering greatly varies, but, on the other hand, the gain 1s
filtered to be restrained 1n variation, so that a rapid gain
change cannot be performed.
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FIG. 14 1s a block diagram schematically showing another
voltage drop compensation means according to the third
embodiment.

Retferring to FIG. 14, to cope with the above-described
problem, there 1s provided a scene change detecting part 20
which checks the image data Din[I] and, if a scene changes,
detects the scene change. The scene change detecting part 20
supplies a detection signal schg to the filter part 18.

Further, 1n the filter part 18 of FIG. 14, gain control 1s
performed to switch gains in the following manner:

Gb[k]=GIk] (in the case where a scene change
occurs), and

Gbfk]=axG[k]+(1-a)xGb[k—1] (in the case where no
scene change occurs),

where a 1s a coethicient of O<a<]1.

When gain control 1s performed 1n this manner, 1n the same
scene, the variation of the gain can be restrained and a tlicker-
free 1mage can be obtained. Greatly preferably, the gain can
be varied rapidly when a scene change occurs.

Incidentally, the detection of a scene change can be easily
implemented, for example by a method of calculating the
difference between APLs (average picture levels) in each
frame and, 11 the difference 1s greater than a certain threshold,
determines that a scene change has occurred.

By adopting the above-described construction, 1t 1s pos-
sible to suitably prevent the above-described overtlows, and,
far more preferably, 1t 1s possible to suitably perform com-
pensation of voltage drops.

Fourth Embodiment

In the description of the third embodiment, reference has
been made to the voltage drop compensation means which
adopts measures against overtlows occurring during the com-
pensation of voltage drops.

However, the construction shown 1n FIG. 15 may also be
adopted 1n the sense of preventing overtlows.

Namely, 1n the third embodiment, overflows are prevented
by using input data which 1s previously reduced 1n size, but in
the fourth embodiment, input data are not previously reduced
in size, and the size of data 1s reduced immediately before the
data 1s mputted to the modulation means 8.

In the fourth embodiment, as shown 1n FIG. 15, the maxi-
mum value Dmax|k] of the k-th frame of the corrected image
data Dout[I] 1s detected (the maximum value detecting part
15). Further, a gain Gc¢[k] 1s calculated 1n the following man-
ner so that the maximum value Dmax[k] 1s contained 1n the
input maximum value MAXin of the modulation means 8 (the
gain calculating part 16).

Gefk]=MAxin/Dmax fk/ [Equation 13]

where Gc¢[k] 1s the gain of the k-th frame.

In addition, as to the calculated gain Gc[k]|, measures to
restrain the variation of the gain are taken by means of a filter
(low-pass filter) for smoothing the variation of the gain
between frames.

For example, another gain Gd[k] whose variation 1s

restrained by a feedback filter which 1s shown below 1s cal-
culated (the filter part 18).

Gd[k]=axGefk]+(1-a)xGd fk—1] [Equation 16]

where a 1s a coefficient of O<a<]1.

In addition, the scene change detecting part 20 1s provided
for the purpose of rapidly varying the gain when a scene
changes, and supplies to the filter part 18 the signal schg
indicative of whether a scene change has occurred.
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Further, in the filter part 18 of FIG. 15, gain control 1s
performed to switch gains in the following manner:

Ge[k]=Gclk] (in the case where a scene change
occurs), and

Gefk]=axG[k]+(1-a)xGefk—1] (in the case where no

scene change occurs), [Equations 17]

where a 1s a coellicient of O<a<l.

The 1mage data Din[l] 1s multiplied by the gain Gelk]
calculated 1n this manner, whereby overtlows can be pre-
vented (a multiplier 21).

Furthermore, the corrected image data Dout [I] of the
(k+1)-th frame 1s multiplied by the calculated gain Gel[k],
thereby calculating corrected image data Dout3[1] which can
take a limited range.

Dout3[l]=Gefk]xDout/]]. [Equation 18]

Further, in the fourth embodiment as well, to completely
prevent overflows due to filtering, the limiter part 19 which
completely limits the size of the corrected 1mage data Dout|[I]
to a range below the mput maximum value MAXin of the
modulation means 8 1s provided as shown 1n FIG. 15. With the
limiter part 19, 1t 1s possible to completely prevent overflows.

Namely,

Doutd[I]=Dout3[I] (when Dout3[I]<MAXin), and

Doutd4[I]=MAXin (when Dout3[I|=MAXin). [Equations 19]

When the output Dout4[I] limited 1n this manner 1s sup-
plied to the mnput of the shift register 5, greatly preferable
modulation can be performed.

By adopting the above-described construction, 1t 1s pos-
sible to suitably prevent the above-described overtlows, and,
far more preferably, 1t 1s possible to suitably perform com-
pensation of voltage drops.

As described hereinabove, according to the mvention, 1t 1s
possible to obtain preferable display images by suitably com-
pensating for the influence of voltage drops by employing
modulation which uses both modulation of pulses 1n the volt-
age direction and modulation of pulses in the time direction.

The imnvention claimed:

1. An 1image display apparatus comprising:

clectron-emitting devices driven 1n a matrix by a plurality
of row wirings and column wirings;

a scanning circuit for sequentially selecting and scanning,
the row wirings;

a modulation circuit generating a modulated signal by
modulating both a pulse width and a voltage amplitude,
with the modulated signal being applied to the column
wirings; and

a voltage drop compensation circuit for calculating cor-
rected image data for reducing an influence of voltage
drops due to at least resistance components of the row
wirings, with respect to image data, wherein

the voltage drop compensation circuit includes;

an effective voltage calculating circuit for finding an effec-

tive voltage value on the basis of the image data, the
clfective voltage value being a value obtained by aver-
aging 1n a time direction a voltage amplitude value of the
modulated signal corresponding to the image data for
one horizontal scanning period; and

a compensation value calculating circuit for calculating a
compensation value for reducing an influence of voltage
drops due to at least resistance components of the row
wirings, with respect to the effective voltage value,

wherein the modulation circuit outputs a modulated signal
on the basis of the corrected 1image data,
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wherein a pulse waveform of the modulated signal has a
plurality of voltage amplitude values or one voltage
amplitude value,

wherein the modulation circuit increases a time width of a
pulse wavelform of the modulated signal by one unit time
or a voltage amplitude value of a portion of the pulse
wavelorm of the modulated signal by one unit voltage,
when mput data of the modulation circuit 1s increased by
one unit, and

wherein the voltage drop compensation circuit calculates
the corrected image data with respect to 1image data
obtained by multiplying the image data by a gain of
greater than 0 but not greater than 1, so that the corrected
image data 1s contained 1n an 1nput range of the modu-
lation circuit.

2. An mmage display apparatus according to claim 1,
wherein the modulation circuit outputs the modulated signal
on the basis of limited range-corrected image data obtained
by multiplying the corrected 1image data by a gain of greater
than O but not greater than 1, so that the limited range-cor-

rected image data 1s contained 1n an input range of the modu-
lation circuit.

3. An 1mage display apparatus comprising:
clectron-emitting devices driven 1n a matrix by a plurality
of row wirings and column wirings;

a scanning circuit for sequentially selecting and scanning,
the row wirings;

a modulation circuit generating a modulated signal by
modulating both a pulse width and a voltage amplitude,
with the modulated signal being applied to the column
wirings; and

a voltage drop compensation circuit for calculating cor-

rected 1image data for reducing an intluence of voltage

drops due to at least resistance components of the row
wirings, with respect to image data, wherein

the voltage drop compensation circuit includes;

an effective voltage calculating circuit for finding an effec-
tive voltage value on the basis of the image data, the
elfective voltage value being a value obtained by aver-
aging 1n a time direction a voltage amplitude value of the
modulated signal corresponding to the image data for
one horizontal scanning period; and

a compensation value calculating circuit for calculating a
compensation value for reducing an influence of voltage
drops due to at least resistance components of the row
wirings, with respect to the effective voltage value,

wherein the modulation circuit outputs a modulated signal
on the basis of the corrected 1image data,

wherein a pulse waveform of the modulated signal has a

plurality of voltage amplitude values or one voltage
amplitude value, and

wherein the modulation circuit outputs the modulated sig-
nal on the basis of limited range-corrected 1image data
obtained by multiplying the corrected image data by a
gain of greater than O but not greater than 1, so that the
limited range-corrected 1mage data 1s contained 1n an
input range of the modulation circuit.

4. An mmage display apparatus according to claim 3,
wherein the modulation circuit increases a time width of a
pulse wavetorm of the modulated signal by one unit time or a
voltage amplitude value of a portion of the pulse wavetorm of
the modulated signal by one unit voltage, when mput data of
the modulation circuit 1s increased by one unit.
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5. An mmage display apparatus according to claim 3, greater than 1, so that the corrected 1image 1s contained 1n an
wherein the voltage drop compensation circuit calculates the input range of the modulation circuit.

corrected 1mage data with respect to image data obtained by
multiplying the image data by a gain of greater than 0 but not k& & ok ok
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